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ABSTRACT 
While detailed Building Information Modeling (BIMs) can make 
3D energy modelling of entire cities a plausible prospect, seamless 
import of BIM-derived files into energy simulation platforms 
requires further development and remains an active research area. 
This work reports on the extent to which geometric and semantic 
information available in a BIM model can be adapted into a 
dynamic physics-based energy simulation tools (EnergyPlus via 
DesignBuilder) and a schedule based energy simulation tool 
(SimStadt). The case study is a geometrically complex building 
with internal atrium, 330 separate zones and 12,800m2 of gross 
office, laboratory and teaching space with CityGML and Revit files 
providing transitional platforms for EnergyPlus and SimStadt 
environments respectively. Multiple surface conflicts needed to be 
resolved in DesignBuilder to create a dynamic engineering based 
energy model in EnergyPlus, while SimStadt was able to adapt a 
CityGML file format more seamlessly. Overall geometrical results 
between the original BIM and the derived SimStadt and EnergyPlus 
models show maximum surface measurement disagreements within 
-3% to 4% and maximum volume measurement disagreement of 
12%. Preliminary monthly energy simulation outputs from two 
energy simulation tools were obtained using a 2016 site-specific 
Test Reference Year weather file. The results show specific 
building heating demand of 76.7kWh/m2/year (SimStadt) and 
61kWh/m2/year (EnergyPlus) with the closest agreements between 
the two models observed over winter heating seasons. 
Keywords 
Cross-platform compatibility, urban energy modelling, energy and 
environment assessment, 3D City models, geometrical model 
development, BIM, CityGML. 
1. INTRODUCTION 
Pervasive urban monitoring roots go back to the Earth Summit 
of 1992, a pioneering event that promoted the instrumental role of 
cities on the road to sustainability. Pervasive monitoring enables 
the development of performance indicators. Information that is 
continuously extracted from the city are then processed in near-
real-time and finally converted into insights that can aid decision-
making and benchmarking. An indispensable component of smart 
cities is high resolution and multi-dimensional data that is a 
platform for effective management of resources and addressing 
climate change and common energy concerns. While information 
technology innovators are already offering ‘digital twins’ of 
processes, systems and places, the built environment sectors’ 
digital outputs remain fragmented and its applications mostly offer 
single-purpose capabilities. This work therefore examines two 
aspects of smart city components. Firstly, how the tools developed 
for three-dimensional representation of space (i.e. CityGML and 
BIM models) can be easily adapted into energy modeling software 
(i.e. SimStadt and EnergyPlus). In doing so the geospatial 
challenges and model variations are outlined using monitored data 
as parameter inputs. The case-study is the Urban Science Building 
(USB), a 12,500m2 commercial building located on the Newcastle 
University campus (located 54°58′N, 1°36′W). This USB is home 
to Newcastle University’s Urban Observatory (UO) where the 
largest set of publicly available real-time urban data in the UK has 
been created. This pervasive-sensing platform enables real-time 
monitoring of 50 different data streams at building (i.e. indoor 
comfort indices, HVAC status) and city scales (i.e. traffic, noise 
and microclimate indicators). The high volume and variety of the 
data has inevitably led to coverage gaps, measurement error and 
calibration issues, and lack of sufficient contextual information. A 
validated simulation tool can therefore enable simulations to aid 
quality assurance, data continuity and imputation tasks, as well as 
scenario-based analytics. The University of Applied Sciences HFT 
Stuttgart has developed an urban simulation platform (SimStadt) to 
facilitate urban scale energy analytics including heating and 
cooling demand calculations, PV potentials and CO2 emission 
benchmarking for single or clusters of buildings using 3D 
CityGML urban-scale models. The extent to which geometric and 
semantic BIM information can be imported in a loss-free manner 
to SimStadt and EnergyPlus (via DesignBuilder) are outlined first.  
The second aim of this work is a comparative analysis of 
simulation outputs using SimStadt and EnergyPlus engines using 
the USB’s monitored Environmental and Energy data as input 
parameters. A BIM-driven EnergyPlus model and a CityGML-
driven SimStadt are used to obtain annual energy outputs to enable 
a comparative analysis. Finally the extent to which these tools can 
enable the creation of high-fidelity and geospatially accurate urban 
energy models are discussed.  
2. Literature review 
The rapid urbanization of contemporary life has created a strong 
need for urban scale energy simulation tools to facilitate multi-
objective scenario analysis and assess optimal techno-economic 
transition pathways using clean technologies, in particular for the 
planning, development and decarbonisation of smart electrical 
grids [1]. Urban energy modelling methods can be categorised into 
'top-down' approaches, which consider long-term, coarser scale 
drivers in building stock models – often used by energy policy 
makers – and 'bottom-up' approaches, which account for finer scale 
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data in building energy models (BEM) that are more suited to 
applications such as building design. In addition to aggregated 
building stock energy analysis, bottom-up urban simulations could 
also include urban heat map and urban climate modeling. Top-
down modeling could include power or natural gas distribution 
models and utility load forcasting [2,3]. Statistical methods that 
make use of sensor data to build patterns can be used in either 
approach. In bottom-up approaches, it is also possible to make use 
of analytical (physics-based) models of individual buildings, 
exploiting detailed geometries and material properties for 
predicting energy usage. The two categories of approach have 
begun to merge into hybrid methods for use at urban scales [4, 5]. 
For the potential of this hybridisation to be fully realised, it must be 
possible to harness and integrate sensor data, urban geospatial data 
models, construction details from Building Information Modelling 
(BIM) and the processing capacity of big data technologies. 
Ham & Golparvar-Fard (2015) present building energy model 
processing methods that enable reliable BIM-based energy analysis 
by making use of elements from BIM models rather than relying on 
generic building element types, which do not account for the 
diminished thermal resistance of materials after deterioration [6]. 
The researchers were able to automatically update the thermal 
properties of elements in the BIM model with actual thermal 
resistances, leading to more reliable BIM-based energy 
performance analysis. The real-world orientation of a building also 
affects the degree to which it is heated and lit naturally by solar 
radiation. Abanda & Byers (2016) investigated the use of BIM 
models to assess the impact of building orientation on its electricity 
and gas consumption, showing that such data can be used for the 
design of more energy efficient buildings [7]. 
In addition to factors such as building orientations, envelopes and 
interior layouts, occupancy behaviour and geospatial factors such 
as weather conditions are recognised as a significant driving factor 
behind energy use in buildings and uncertainty in performance 
estimation. Actual (i.e. measured) usage patterns can enable 
accurate and scalable energy modelling and most notably observed 
occupancy models can inform existing BEM tools to represent the 
effect of human behaviour on energy usage with greater accuracy. 
However, there are privacy implications to collecting behavioural 
data and they be computationally intensive to exploit [8, 9]. Big 
data techniques and technologies have emerged out of the need to 
address data of high volume, variety and velocity and are now being 
employed for BEM. Ma & Cheng (2016) propose an integrated 
geospatial-big data framework for improved estimation of building 
energy intensity on urban scales [10]. This method first uses 
geospatial software for data collection and pre-processing, 
followed by feature selection methods to reduce redundancy and 
finally compare several regression algorithms used in big data 
processing to calculate energy consumption. 
Both data and physics driven energy models inevitably carry errors 
and ASHRAE Guide 14 outlines acceptable mean and cumulative 
error indices for a building energy model to be regarded as 
calibrated [11]. ASHRAE Guide 14 hourly calibration target values 
are set at ±10% (for Mean Biased Error (MBE)) and below 30% 
(for Cumulative Variance of Root Mean Square Error (CV 
(RMSE)). Achieving these thresholds was demonstrated to produce 
space temperature model predication accuracies of ±1.5 °C for 
99.5% of annual time [12]. Model uncertainties fall into two main 
types; aleatory (irreducible), which results from variable nature of 
the system modelled (such as occupant behavior and fabric 
thermophysical variations), and epistemic (reducible), which 
broadly stem from lack of knowledge (such as inadequate 
knowledge of exact HVAC and lighting consumption) [13].  
While practical challenges in urban scale energy planning is mainly 
concerned with limited ability of building automation tools to 
comminucate with and react to the needs of the wider energy 
systems [14], at the modelling level the creation of 3D and context-
aware models and the compatibility of a whole raft of 3D design 
and construction tools remain at an embrionic stage. In  the next 
section, this work offers an examination of loss-free gemometrical 
import of 3D BIM and CityGML models into SimStadt and 
EnergyPlus environments. 
3. Method  
3.1 Case-study building  
The Urban Science Building (USB) is a university building 
containing around 12,800m2 of teaching, office and laboratory 
space. The building contains around 4000 sensors that generate 
15,500 data streams and is overall 34% glazed with a 50 micron 
power-coated aluminum rainscreen cladding. Table 1 outlines the 
thermal properties of the building fabrics. 
Table 1: Thermophysical properties and percentage 
fenestration of USB 
Fabric Element U-Value 
(W/m²K) 
Percentage 
glazed (%) 
Wall:   
 
0.159 
 
N [1]: 21.4 
E: 74.7 
S: 19 
W: 21.3 
Floor: 0.253 - 
Roof: 0.25 3.23% 
Glazing [2]: 1.96 - 
[1] Orientations (Due North= 0°): N=315°- 45°, E: 45°-135°, W: 
225°- 315°, S: 135°-225° 
[2] Glazing G value: 0.691 
 
The building was inaugurated in September 2017 and contains 337 
separate zones. It is heated to 22±3°C via a hybrid gas and water to 
water heat pump system and cooled to 24±3°C via heat pumps (the 
temperature control range of ±3°C is available to occupants via 
wall-mounted climate control interfaces). The building was 
designed to accommodate a diversified peak occupancy of 2200 
staff and students.  
3.2 Urban Observatory data  
USB building’s ~15,500 data streams produce in excess of 100M 
data points a day. The Newcastle Urban Observatory (UO) logs 
changes in values outside a tolerance of three significant figures. 
As a more formal explanation, the values received by the UO are 
rounded to three significant figures (per ECMA-262) and then 
compared (per IEEE 754) to the previous logged value; if and only 
if the values differ, the new one is logged and the process is 
repeated. For this study, these values are collected and then 
averaged over hourly time bins. 
While the geometric building data within this work were all derived 
from the original BIM model, ongoing work is being undertaken to 
use actual Indoor Air Quality (IAQ), energy and local weather data 
compiled by the UO to further examine model fidelity and energy 
consumption predictions of SimStadt and EnergyPlus models using 
the case study building. 
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3.3 Geometrical and Energy Models 
One of the main challenges for smart cities is the management, 
storage, exchange, interpretation and application of increasing 
volumes of high and low frequency time series data. An example 
of high frequency time series data is the continuously monitored 
meteorological conditions. Low frequent data could include 
building models which might only require an update every couple 
of years when, for example, parts of the building are extended, 
upgraded or altered in function. Urban energy modelling is a strand 
of smart city modelling that makes use of detailed building models. 
In order to enable both the storage and exchange of these models 
between different spatial modelling platforms, data standards and 
their encodings have been developed.  
According to [15], few standards exists that have the common goal 
of interoperability between platforms. However, they depend on the 
scale and application domain for which they are developed. The 
authors explain in detail different data models for built environment 
at individual building and urban scale. At building scale, the two 
most commonly known open standards are IFC (Industry 
Foundation Classes) and gbXML (green building XML). They are 
developed within the Building Information Modelling (BIM) 
domain and support 3D geometry and semantics.  IFC is a standard 
that is used within the Architecture, Engineering and Construction 
(AEC) industry, usually alongside native model (e.g. Revit) files 
for the exchange of BIM data through the phases of a construction 
project. The gbXML is specially designed as an open scheme for 
sharing building information between different building design and 
simulation software tools. 
For urban scale applications, such as urban energy modelling, the 
open standards of CityGML and INSPIRE have been introduced. 
However, INSPIRE is a data specification on buildings which is 
applicable only to the European Union and is inspired by CityGML. 
CityGML is an OGC standard that is concerned predominantly with 
urban and regional scale applications and overlaps with BIM in its 
coverage of buildings, while INSPIRE is designed for cross-border 
applications [15]. Figure 1 illustrates hierarchical position of each 
data model.  
 
Figure 1: Different data models for built environment and their 
application scale. (Reproduced from [15]) 
For urban energy modeling purposes, HFT Stuttgart has developed 
a platform that calculates the energy demand of buildings based on 
the monthly energy balance standard i.e. DIN 18599-2. The most 
crucial input parameter for SimStadt is the 3D Model of the 
building in CityGML format, the building year of construction and 
function of each building. A detailed coverage of SimStadt energy 
demand calculation for individual buildings by deploying a 
CityGML data model is outlined in [16] and [17]. 
4. Results and Discussion 
4.1 Cross-platform compatibility 
 
Figure 2 outlines the sequence of tasks to create energy models 
from the original BIM model.  
 
Figure 2: From 3D BIM model to 3D energy simulation 
platforms in SimStadt and EnergyPlus  
DesignBuilder version 5.5, EnergyPlus version 8.7 and Revit 2018 
were deployed to generate the geometrical and energy results. 
4.1.1 DesignBuilder and EnergyPlus 
A prominent limitation of most energy simulation tools is the 
modeling of convex building surfaces. These curves are often 
broken up into segments and represented as a collection of flat 
surfaces. The original model of the USB contained in excess of 
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120,000 separate surfaces of which around 1500 were curved. 345 
perimeter and boundary wall conflicts and reported missing 
surfaces had to be resolved to enable the recreation of the USB in 
the DesignBuilder platform. While the most significant geometrical 
errors were due to conflicting adjacent surfaces (occupying the 
same Cartesian coordinates), 33% involved wall openings 
(windows and doors), and 25% involved curved components that 
needed to be recreated as a combination of small and flat surfaces. 
4.1.2 CityGML and SimStadt 
The 3D building model is crucial for energy assessment based on 
SimStadt. The 3D model of the USB was provided in IFC format. 
However, for urban energy modelling in SimStadt, we require 
buildings to be modelled in CityGML. CityGML represents the 
buildings in three dimension with 4 different Levels of Details 
(LoD), standardized in OGC 12-09. LoD1 represents a building as 
a cuboid, LoD2 represents a more detailed building geometry 
(including roof shapes), LoD3 adds windows and openings into the 
model, and LoD4 represents the interior of buildings as well [18]. 
In this study, a CityGML LoD2 model of the USB is generated from 
the IFC model.  
One means of converting from IFC to CityGML is using an ETL 
(Extract, Transform, Load) software application such Safe 
Software's FME (Feature Manipulation Engine) to develop a 
mapping between the schemas. However, due to the complexities 
of applying such a technique to the fine spatial detail of the 
components in the USB (see Figure 3), we instead made use of 
Trimble SketchUp and Rhinoceros 3D. 
 
 
Figure 3: IFC model of USB. The building contains over 330 
separate zones 
The workflow was IFC  SketchUp  Rhino  SketchUp  
CityGML. The IFC model is firstly imported in SketchUp, some 
unnecessary components are deleted manually, the remaining 
components are scaled up from millimeters to meters, and then new 
some surfaces are generated manually to fill erroneous holes in the 
model. 
One other challenge in cross platform adaptation was the unusual 
form of the building construction. The building has roof parapet 
walls, as is shown in Figure 4 (left). These walls were firstly 
considered to enclose heated spaces and were included in the 
building envelope, leading to a higher and misrepresentative 
heating demand assessment. The CityGML model is finally 
excluding these spaces from roof, as shown in Figure 4 (right). 
 
 
 
Figure 4: CityGML model of the building. Parapet wall 
included in the building volume (left) parapet model excluded 
from the building volume (right). 
4.2 Energy Model Geometries 
Table 2 outlines the 2D (perimeter) and 3D (volume) measurements 
performed using original geometry and final energy tools.  
Table 2 Comparing geometrical parameters of three Data 
model measured by different tools 
Data 
Model 
Measure
ment 
Tool 
 Gross 
Volume 
(m³) 
Footprin
t area 
(m²) 
Wall 
Area 
(m²) 
Roof 
Area 
(m²) 
CityG
ML 
LoD2 
SimStad
t 
66971.7 2793.3 6507.9 2809.4 
IFC IFCExpl
orer 
66971.7 2793.3 6701.2 2809.4 
IFC Rhino 66971.7 2793.3 6701.2 2809.4 
Revit E+ 59733.5 2793 6696.9 2706 
Difference [1] -11% 0% 3% -4% 
[1] Defined as the ratio of difference between EnergyPlus 
measurement subtracted from SimStadt.  
 
A slight deviation of -4% exists in roof area between SimStadt and 
EnergyPlus. This is due to the sloping part of the front roof and the 
way EnergyPlus resolves geometrical conflicts. This roof is defined 
with no slope in the CityGML model from which SimStadt 
measurements are derived. The deviation between BIM models 
with CityGML is more pronounced, however, in gross volume 
calculations. Volume is a critical geometry parameter, as it can be 
calculated through different methods. Energy plus calculates the 
internal volume by default as the accumulation of total volume of 
the ‘air’ within each space, whereas SimStdat includes the 
construction component within the space volume too. Gross 
volume calculated by Energy plus is fundamental to the HVAC 
duty simulations, while the method which SimStadt applies to 
calculate the volume of a building in a CityGML model is explained 
in detail in [19]; it short, they explain it as, 'A solid building 
Geometry is decomposed into tetrahedrons formed by joining the 
three vertices of triangulated Boundary surface polygon with 
arbitrary point P (generally, P is origin). Let points A (xi, yi, zi); B 
(xj, yj, zj) and C (xk, yk, zk) represent three vertices of one of the 
triangulated boundary surface polygons (N) with origin point P (0, 
0, 0). The volume VABC (i.e. for tetrahedron formed by mth 
polygon) of each tetrahedron so formed is computed using scalar 
triple product formula.'. 
4.3 Data exchange for enriching the Data 
model 
For urban energy modelling, the 3D model of a building should be 
enriched by energy-related data such as usage profile or total 
duration, internal activities and occupancy, or the construction 
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material and their thickness, with which the thermal capacity or 
thermal coefficient of the building is calculated. IFC stores the 
construction data of the building in fine spatial resolution. 
CityGML does not store construction information but its schema 
can be extended through an Application Domain Extension (ADE). 
The CityGML Energy ADE is an extension of CityGML for urban 
energy modeling purposes and is able to store construction data 
based on CityGML data model structure. Construction data can be 
stored using the Energy ADE for each building surface in the 
building envelope (e.g. for external walls, floor, roof and internal 
walls). A conversion of semantics from IFC to the CityGML 
Energy ADE is also required.  
The table below shows the difference between the building thermal 
coefficient based on the SimStadt library and in reality. Since the 
USB has only recently been completed, SimStadt applies the EnEv 
2016 standard. Table below shows the differences between them. 
 
  U-Value (W/K.m²) 
Building Envelope EnEv 2016 Reality 
Wall 0.24 0.159 
Ground 0.3 0.253 
Roof 0.24 0.25 
Glazing 1.3 1.96 
Glazing (g-value) 0.6 0.691 
These U-values are defined based on the EnEv2016 for a residential 
building.  
4.4 Energy model simulation results 
SimStadt energy output is based on parameters outlined in the 
German Standard DIN 18599-2. This standard uses building type, 
occupancy density and usage pattern to offer benchmarks for the 
calculation of net, final and primary energy use of a building. 
EnergyPlus, however, is a first principle based simulation 
environment that performs multiple load calculations using a heat 
balanced method. Model heating predictions was obtained from 
EnergyPlus and SimStadt platforms using Chartered Institute of 
Building Services Engineers current TRY files for the specific site. 
Figure 5 outlines the monthly heating load and % deviation of 
SimStadt results from EnergyPlus model outputs. 
 
 
Figure 5: Monthly heating demand prediction  
Both EnergyPlus and SimStadt models use actual thermo-physical 
properties of the building, whereas EnergyPlus uses dynamic 
physics based state-space model to evaluate the load. SimStadt 
performs its simulations on the bases of specific building-type 
benchmark loads derived from DIN 18599-10. Interestingly, these 
lead to reasonable agreements between both models over the cold 
November – April period, where monthly heating load predictions 
stays below an absolute maximum of 29%. However, these 
deviations are more pronounced during either side of the cold 
period and during the summer; during these period, the monthly 
heating values of 6.8MWh and 2MWh for SimStadt and 
EnergyPlus, respectively, presents an absolute deviation of 235%. 
Overall the building SimStadt model shows a tendency to over 
predict the load when compared to EnergyPlus output, evident in 
the overall annual heating demand prediction of 989MWh by 
SimStadt and 792MWh by EnergyPlus. These predictions equate to 
specific heating demand of 76.7 kWh/m2/year (SimStadt) and 61 
kWh/m2/year (EnergyPlus).   
4.5 Future work 
The case study building continues to produce high resolution 
environmental and energy data. The actual building indoor 
temperatures, occupancy pattern and concurrent weather files will 
be used in a progression of this work to assess the extent to which 
both models can accurately predict metered energy consumption of 
the building.  
5. Conclusion 
Cross platform modeling is of growing importance in the 
construction industry, with most observers anticipating a move 
from single use 3D building models to multi-purpose, interoperable 
‘platforms’. However specific challenges remain in interoperability 
of these models as well as loss-free geometrical transition and  
fidelity of the derivative energy models with additional work 
needed to enable better integration of BIM with energy simulation 
software, particularly focusing on minimising information loss 
during the conversion from one spatial format to another. This can 
enable the creation of urban-scale energy models that are 
instrumental in planning and optimisation of transmissions to a 
low-carbon future.  
Using a geometrically complex office case study, this work 
demonstrated that while challenging, the integration into SimStadt 
and EnergyPlus environments from original BIM models has the 
ability to retain sufficient geometric fidelity with the largest surface 
disagreement of 4% and volume disagreement of 12%. Similarly 
while EnergyPlus and SimStadt models predicted broadly similar 
patterns of monthly heating load from similar TRY weather file and 
deterministic schedules, overall annual specific heating demand 
showed a disagreement of 20% between these energy models. 
Future work can focus on the parameter input analysis, 
quantification of modeling uncertainty and identifying error 
sources to ensure closer agreements between SimStadt and 
EnergyPlus model energy predictions. 
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